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ABSTRACT
This is a project on development of temperature balancing circuit. The objective of
this project is to monitor the temperature ofa confined space and keep it at a preset
value 10°C. The scope ofstudy covers the microcontroller circuit used to monitor the
input by the temperature sensor and give output signal to current amplifier circuit to
the peltier device. Italso covers the current amplifier circuit and container design to
maintain the temperature. Other important components of the system also include
heat transfer concept, DC Fan, heatsink and insulation material. Experiments on the
peltier device have been performed and its characteristics have been studied. High
power with good insulation and heat removal system are most important on the matter
of increasing the performance of the peltier. Prototype of the project has been
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1.1 Background of study
A conventional cooling system[l ,2,3] contains three fundamental parts - the
evaporator, compressor and condenser. The diagram of the system is shown in
Figure 1[3]. The evaporator (3) or cold section is the part where the pressurized
refrigerant is allowed to expand, boil and evaporate. During this change of state
from liquid to gas, energy (heat) is absorbed. The compressor (4) acts as the
refrigerant pump and recompresses the gas to a liquid. The condenser(l) expels the
heat absorbed at theevaporator plus the heat produced during compression, into the
environment or ambient.
Figure 1 Adiagram ofa phase change heat pump: 1) condenser 2) expansion
valve, 3) evaporator, 4) compressor.
On the other hand, thermoelectric coolers or specifically peltier, are heat
pumps, solid state devices without moving parts, fluids or gasses. The basic laws of
thermodynamics apply to these devices justas they do to conventional heat pumps,
absorption refrigerators and other devices involving the transfer ofheat energy.
The usage of thermoelectric cooling instead of other forms of cooling
usually comes when there is a special requirement or characteristic that must be
fulfilled. A system may require size, space, weight, reliability and environmental
conditions that thermoelectrics can provide; such as operating in a vacuum. Other
forms ofcooling are more desirable ifthere isno special requirement needed.
Currently, the temperature of a room or confined space are controlled by
presetting the temperature ofthe cooling device. This project requires balancing the
temperature and keeping it at a specified value based on the temperature within the
confined space.
1.2 Problem Statement
It is a common practice that medication are usually stored in a refrigerator.
In Malaysia where the temperature is normally high around 30°C during the day,
medicine get spoiled very quickly ifnot stored atthe correct temperature. However,
when traveling, many people tend to neglect to store their medicine in the proper
container. The suggested temperature may vary depending on types of medicine;
they may vary from 5-10degree Celsius to 20 - 25 degrees Celsius.
Thus, a storage container that keep medication at a preset value is very
useful not only for the usage of traveling doctors and ambulances, but also by
traveling people who need to bring delicate and expensive medication.
1.3 Objectives
The objectives to beachieved inthis project are:
Tostudy thecooling orheating effects of peltier device
To design and simulate the control circuit using Pspice and also build and test
circuit on breadboard
To use appropriate material to build aconfined space using insulation material
Todesign a working prototype ofa cooling device
CHAPTER 2
LITERATURE REVIEW
2.1 The Peltier Device
Peltier devices is also known as thermoelectric (TE) modules[3,4,5]. It is a
small solid-state devices that function as heat pumps. Its isa rectangular block with
several millimeters thickness and a few centimeters square in length can be seen in
Figure 2. It is usually made of Bismuth Telluride which is heavily doped to create
two different elements of semiconductor, with either an excess (n-type) or
deficiency (p-type) ofelectrons. The heat that is being absorbed at the cold junction
is pumped to the hot junction at a rate that is proportional to the current which is
passing through the circuit and the peltier itself.
Figure 2 Peltiermodule
Peltier modules are available in a great variety of sizes, shapes, operating
currents, operating voltages and ranges ofheat pumping capacity. The peltier can be
obtained to fit in the requirements for the system without wasting excess power by
choosing the right quantity, size or capacity ofthe peltier. The current interest is to
operate at lower currents for more peltiers that are being used in the system.
2.1J The Peltier Effect
The Peltier effect is the reverse of the Seebeck effect; where the heat
difference is created from an electric voltage[3,5]. The Peltier effect shown in
Figure 3[6] occurs when a current is passed through two dissimilar metals or
semiconductors (n-type and p-type) that are connected to each other at two
junctions (Peltier junctions). The transfer of heat moves from one junction to the
other driven by the current causing one junction tocool offwhile the other heats up.
As a result, the effect isoften used for thermoelectric cooling. This result was found
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Figure 3 Diagram ofPeltier effect showing the hot and cold side caused by
dissimilar semiconductors
When a current / is made to flow through the circuit, heat is evolved at the
upper junction (at T2), and absorbed at the lower junction (at Ti). P-type silicon
typically has a positive Peltier coefficient (although not above 550 K), and n-type
silicon istypically negative. The conductors are attempting to return to the electron
equilibrium that existed before the current was applied by absorbing energy at one
connector and releasing it at the other. The individual couples can beconnected in
series to enhance the effect.
The direction of heat transfer is controlled by the polarity of the current,
reversing the polarity will change the direction of transfer and thus the sign of the
heat absorbed/evolved.
2.1.2 Performance
The temperature across peltier rises with the increase of volt can be seen in
Figure 4[7j. For cooling purpose, the temperature decrease when the power
transferred increase. This statement has been later on studied by doing experiments
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Figure 4 Power transferred graph versus temperature across peltier
However, peltier devices have low efficiency and a current and power
drainage device[8j. Despite its advantage of having no moving parts, no Freon
refrigerant, no noise, no vibration, very small size, long life, capability ofprecision
and temperature control, this quality is a big turn offas low power consumption is
one of the highest criteria in designing.
2.1.3 Heat Removal
The most difficult parameter to accurately quantify is the amount of heat to
be removed or absorbed by the cold surface of the peltier[5,8,9]. All thermal loads
to the peltier must be considered. These thermal loads include, but are not limited
to, the active or heat load from electronic devices and conduction through any
object in contact with both the cold surface and any warmer temperature (i.e.
electrical leads, insulation, air or gas surrounding objects, mechanical fasteners,
etc.). In some cases radiant heat effects must also beconsidered.
Single stage thermoelectric devices are capable of producing a "no
load" temperature differential of approximately 68°C [refer Appendix A].
Temperature differentials greater than this can be achieved by stacking one
thermoelectric on top ofanother called cascading.
2.1.4 Cooling using Peltier
To reduce the temperature of an object, heat must be removedfrom it, faster
than heatenters it[5,8,9]. If the objectto be cooled is in direct intimate contactwith
the cold surface of the peltier, the desired temperature of the object can be
considered the temperature of the cold surface of the peltier. There are situations
where the objectto be cooled is not in intimate contact with the cold surface of the
peltier, such as volume cooling where a heat exchanger is required on the cold
surface ofthe peltier. When this type of system is employed the cold surface ofthe
peltier may need to be several degrees colder than the ultimate desired object
temperature.
2.1.5 Application
The characteristics of peltier devices makes it more suitable to smaller-
cooling applications such as drinks coolers as shown in Figure 5[10], although they
are also used in applications as large as portable picnic-type coolers. They can be
stacked to achieve lower temperatures, although reaching cryogenic temperatures
would require great care.
Figure 5 Peltier- powered drink cooler
2.2 Peltier's Heat Removal
The peltier device produces heat on one side and cools on the other side thus
creating a temperature difference. Based on the law ofenergy balance, the produced
on the hot side will eventually be transferred to the cold side causing the
temperature to also rise. To maintain the low temperature on the cool side[5,8,9],
the heat produced must be removed faster than the heat that enters it. To increase
the heat removal process on the hot side, a combination DC fan, heatsink and
thermal paste are used. A CPU fan as shown in Figure 6 is a good choice because it
combines all three components in one package.
2.2.1 DC Fan
DC Fan is a type of active cooling that moves air faster than just the
surrounding condition which is also a type of forced convection. Performance of
fans are usually measured by air volume per time in cubic feet per minute, CFM or
by air speed[2,ll]. CFM values are more accurate because of the size of the fan
which is also taken into consideration. For example, a 120x120mm fan will provide
better cooling than a 50x50mm fan, ifboth produce the same air speed.
Figure 6 CPU Fan
CFM specifications are only valid when the pressure on both sides of the fan
is equal or when the fan is operating in free space. The specified CFM rating of the
fan may not be reached when the fan is installed in a device due to external effects.
Installation process and overall design ofthe cooling system are also very important
role to bring thefan to reach itsmaximum specification.
2.2.2 Heatsink
Figure7 Example of a heatsink
Aheatsink [2,1 l]is an environment orobject that is used to absorb heat from
another object that has thermal contact with its surface as shown in Figure 7.
The part ofthe heatsink that touches the heat source is where the thermal transfer
takes place thus it must be perfectly flat and considerably large surface. The large
surface can be achieved by using a large amount of fine fins, or by increasing the
size of the heatsink itself.
Heatsinks must have good aerodynamics designed in a way that air can
easily and quickly float through the cooler, and reach all cooling fins. Fins are used
to increase the surface contact with the air, and thus also increase the rate of heat
dissipation. A heatsink that have a large amount of fine fins with small distances
between the fins do not have good air flow. Therefore, a powerful DC fan is often
used to force air through a heatsink. The DC fan helps to increase the rate ofairflow
over the heat sink and also maintains a larger temperature gradient by replacing
warmed air faster than would be by convection, which is known as a forced air
system.
The material of the heatsink must have good thermal conductivity to allow
faster heat removal such as aluminum, copper and a combination of aluminum and
copperbondedtogether.
2.2.3 Thermal Paste
Thermal paste is also called thermal compound and thermal grease[9,ll].
The substance is used to help to increase the conduction of heat between two
touchingmetal surfaces. When it is appliedon a heatsink,the heatsink's fiat contact
area allows the usage of a thin layer of the substance to help to reduce the thermal
resistance between heatsink and heat source.
Figure 8 Thermal Paste
There are several typesof thermal grease suchas silicone-based as shown in
Figure 8, ceramic-based and metal-based. Ceramic based thermal paste conducts
heat betterthan most silicone greases, but it is a poorerheat conductor compared to
metal based paste. Metal based paste usually contains metal particles including
silver thus making it more expensivethan siliconebased paste.
The substance's primary purpose is as a substitute for the constructional
imperfections of a heatsink's surface. It fills in the tiny pits and grooves of an
imperfect surface when applied in appropriate quantities, thereby increasing the
amount of surface-to-surface contact. Excessive amount of thermal paste applied
will create air gap between the heatsink and the source thus reducing conductivity.
2.3 Microcontroller
A microcontroller [12] can be called a computer on a chip. It contains CPU,
RAM, ROM, I/O, Timer, Pulse Width Modulation and A/D and D/A conversion.
The most basic circuit of a microcontroller system consists of the microcontroller,
power supply, ground, oscillator, master clear pin (MCLR) and additional features
such as Light Emitting Diode (LED), Liquid Crystal Display (LCD) and in this
projectpeltier device, temperature sensorand DC Fan.
2.3.1 PIC6F877
PIC6F877 is a mid-range microcontroller that supports8kB of flash memory
program, interrupts, in-circuit programming, hardware timers,
capture/compare/PWM modules,10-bit A/D conversion, built-in USART serial
communication and digital I/O.
2.3.2 C Compiler-CCS C PCM
To program the microcontroller, CCS Compiler from Custom Computer
Services Inc. was used.PCM C Compileris a subsetofANSIC. CCS can supportC
I/O, built in math functions, and special functions for dealing with the
microcontroller such as timer.
2.3.3 Development Cycle
The development of microcontroller consists of designing hardware
architecture, defining statemachine or abstraction that represent the operation to be
accomplished and lastly use do iterative design. For iterative design, we use CCS's
PCM C Compiler for the programming language. After the program has been
compiled, it will be programmed into the microcontroller. The program is run and
tested using PIC6F877 general purpose target board andthe iterative process canbe
repeateduntil the program is successfully running.
2.3.4 Digital I/O Ports
There are 5 digital I/O ports in a PIC6F877 that can be accessed through 8 bit
registers; LSB andMSB. Mnemonic forregisters are listed include files or #use pre
compiler directives can be used. The port's data direction register must set up.
Some I/O pins have additional functionality and may be overridden by some other
register bits.
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2.3.5 Master Clear Pin
This is an active low pin that provides a reset feature. Grounding this pin
causes the PIC to reset and restart the program stored in the FLASH ROM. At any
other time (e.g) the MCLR should be made logic I by connecting it to a power
supply +5Vthrough a pull up resistor.
2.3.6 Pulse Width Modulation
The Pulse Width Modulation (PWM) is the CCP1 (pin 17) and CCP2 (pin
16) of PIC6F877. It can be used to vary the speed of motor or the brightness ofa
bulb.To activate PWMcontrol, the CCPpin should be assigned as an output. PWM
can be used to increase or decrease the temperature of the peltier device in this
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Figure9 PWM Signal Representation
2.4 Temperature Sensor, LM 35
Temperature sensor are very important tosense the change oftemperature in
the environment accurately. LM35 is a precision integrated-circuit temperature
sensor that has an output voltage proportional to the temperature in °Celsius. Its
sensing limits is from -55°C to 150°C with accuracy of ± 0.5°C typically at room
temperature (25°C). The sensor has low output impedance and linear output
characteristic at 10.0mV/°C which make the interfacing and control circuitry easy.
It is also not as susceptible to large errors in its output from low leakage currents.
The output of this sensor is in analog, thus an ADC is needed if the function is
going tobeused ina microcontroller [refer Appendix E].
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2.5 Container - Thermos
Thermos is one of the leading brand that produce good thermal insulation
for drinks and food container. There are many types of container available in the
market indifferent shapes, sizes and heat conductivity. For example, there are lunch
boxes, sports bottles for hikers, and coolers. From a variety ofselection, Thermos
Travel Mug is the most suitable to be used as container in this project. This is due to
its light weight and the thin layer ofthe top cover. It is essential that the top cover is
not so thick because ofplacement ofthe peltier. however, it is noticeable that the
thinness might cause temperature leak and disturb the performance ofthe system.
Despite the thin cover, the body ofthe container is already well insulated.
This could make up to more that three quarter of the whole system. The thermos
technology uses vacuum asone ofits method ofinsulation.
2.5.1 Vacuum Insulation
In a vacuum condition, there is a lack of atoms or zero atoms in a perfect
vacuum condition^]. Conduction and convection can only occur when there are
atoms that can be energized or de-energized. Lack of atom is a perfect condition
where conduction or convention could be totally eliminated. A perfect vacuum
condition is almost impossible to create but with the right technology, it can be
achieved.
Thermoshas vacuum insulation[13] which is called TherMax™ which can
virtually eliminates temperature change by creating an airless vacuum space
between two stainless steel walls. This type of insulation layer, shown in Figure 10
gives very good performance and are dependable to keep beverages hotter, cooler,
fresher longer.
UNBRERKABLE STAINLESS STEEL
INTERIOR RND EXTERIOR WALL —
THERMAX™ IMSULRTION LAYER-
Figure 10 Vaccum and silvered insulation by Thermos
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2.5.2 Silvered insulation.
The internal insulation ofthe thermoshas been linedwith silver. This
silvered surface helps toreduce infrared radiation. Therefore, by combining both
vacuum and silver lining, heat transfer can begreatly reduced either by convection,
conduction or radiation.
2.6 Insulation Material
Despite the container that has built in insulation, external insulation is
another way to increase the performance of the system. In the market, there are
many thermal container manufacturer that produce products that not only have
built-in thermal quality but also external insulation to keep the temperature constant
for a longer time.
There are many types ofinsulation material available commercially in form
ofsheets, blanket, board and pipe. The easiest to work with for this project is sheets
or blankets. This type ofmaterial can be bent and shaped to make the external
insulation of the container in this project.
However, the cheapest and available type of insulator is polystyrene thus it
will be used as insulator in this project.
2.6.1 R-Values
The R-value [2,3] is the reciprocal ofthe amount ofheat energy per area ofmaterial
per degree difference between the outside and inside. The following equation is
used to measure R-values
R=^ (2)
Where AT isthe temperature difference, q isthe heat flow and Aisthe unit area.
io
2.7 Conduction
The flow of heat by conduction[2,3] occurs via collisions between atoms
andmolecules inthe substance and the subsequent transfer ofkinetic energy. Letus
consider two substances at different temperatures separated by a barrier which is
subsequently removed, asin the following Figure 11.
Fad*(hoW»teras Siewicold) atoms
Figure 11 Heat transfer by conduction
Collision between hot atoms with high kinetic energy with cold atoms with
low kinetic energy occurs once the barrier between the two is removed. This
collision causes the hot atoms to lose energy and the cold atoms to increase their




Figure 12 Measurement ofthermal conductivity
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2.7.1 Heat Transfer Calculation
The flow of heat by conduction [1,2] occurs via collisions between atoms
and molecules in the substance and the subsequent transfer of kinetic energy. The
flow of heat through the material over time could be measure by knowing the
material's cross-sectional area and length. Thus, the heat flow can becalculated as
q=hA(Tw-Tj 0)
where h is the heat transfer coefficient, A is the unit area, Tw is the surface
temperature and T«> is theambient temperature.
Thus, for a given temperature difference between the reservoirs, materials
with a large thermal conductivity will transfer large amounts ofheat over time -
such materials, like copper, are good thermal conductors. Conversely, materials
with low thermal conductivities will transfer small amounts of heat over time -
these materials, like concrete, are poor thermal conductors. Fiberglass insulation,
feathers and fur have air pockets and so the air pockets aid in cutting back on the
heat loss throughthe material.
Another important parameter that must be obtained is how much heat that
must be removed in order for the peltier tocool off. To calculate the cooling rate of
the system, first the heat that has to be removed from the system is obtained from
the following equation
QC0On,g=rnCM (2)
where mis the mass, C is the specific heat of the item to be cooled and AT is the
temperature difference. Using the value ofheat removed, the cooling rate is
ft _ Qootog (3)
x£cooling . ,
where At is the time taken forthe system to reach thedesired temperature.
A system must not only function, but also efficient. Therefore, it is
important to know how long does the system takes to change the temperature ofan
object. The duration can be known from the equation
15
^mxC^xAT (4)
where m is the mass, Cp is the specific heat of material (J/kg.K), AT is the





First and foremost, extensive research to obtain materials for literature
review has been done. Next, vital components such as peltier device has to be
obtained. The characteristic of the components must be further studied for
maximum performance. Then, the control circuit have been designed and simulated
using Pspice. To develop the temperature sensing circuit, a study on current
temperature control circuitry was developed. The characteristic ofthe components
that build the circuit areunder study for further improvement ofthe circuit.
The microcontroller circuit are also being developed. Microcontroller is
actually an important component in this project due to the fact that ithelps to reduce
the number ofcomponents ina circuit with its built in functions.
Next, the design circuit using Pspice must be done. After the circuit is run
and working when assembled on breadboard, the design on printed circuit boards
(PCB) are going to be fabricated. Then, process of soldering are going to be done
alongside with troubleshooting.
Data from the would be gathered based on performance of the circuit. The
data obtained have tobe analyzed for discussion and room for improvement. Figure













Figure 13 FlowDiagram for Methodology
3.2 Container Design
Initially, the container was to be build from scratch using good insulation
material. However, it proves that using an existing container that later modified to
suitthe need of this project is much easier, cheaper andefficient. The container will
be wrapped by external insulation material to maximize the insulation capacity of
the system. Thus, a design is needed for this purpose; container design as well as
external insulation design. One of the main constraint is leakage that causes heat to
enter into the container.
The size of the container and the peltier was measured. The container was
studied to find which side could be cut to mount the peltier. The top cover is the
most suitable as it is made of plastic and thin compared to the body. Then the top
was cut according to the dimensions of the peltier. The peltier was mounted onto
the top cover using sealant; a type of glue that is strong enough to bond plastic and
ceramic.
To increase the insulation of the thin top cover, 3 layers of aluminum foil
was mounted underneath. To minimize heat loss from the container, an external
insulation will be made from suitable insulation material. This method is popular
withexistingcommercialized coolingcontainer.
3.3 The System Functionality
This project consists of a few combination of different components, thus it
has an overall functions that are going to be developed for temperature balancing.
Firstly, the temperature are preset within microcontroller at a predetermined value.
Then the sensor will detect the surrounding temperature as input. The input
temperature are then compared with thepreset value. If the input value is lower than
the preset value, the sensor will go back to detecting the temperature. If the
temperature is higher, then the more power will be supplied to the peltier and cool

































Figure 15 Overall Circuit
The project comprises of microcontroller 16F877, temperature sensor LM35
and controller circuit. The overall circuit is shown in Figure 15. Voltage Regulator
LM7805 is used to give a regulated +5VDC supply to the microcontroller. The
temperature sensor gives input the microcontroller that compares it with 10°C and
give orcut offthe supply tothe current amplifier circuit. The current amplifier circuit





















Figure 16 Circuit Simulation for current amplifier circuit
The simulation of the circuit is shown in Figure 16. This circuit has twomain
stage; current source and active load [14]. Current source is two cascaded transistor
that amplified the current to provide sufficient input for the system. When small
current flow from the +5V supply, transistor Ql amplified this small circuit to
transistor Q2 and turn it ON. Transistor Q2 further amplified this current and turns
ON transistor Q6.
The output of this current source stage is then used by the active load or
current mirror amplifier to generate more current. When transistor Q6 turned ON, it
will provide current to the active load. Active load is a current source whose output
resistance is used in place of collector resistance. AH of the current exists in the
source and not the output resistance, thus there is no need for high voltage to produce
high current. In the circuit, PNP darlington transistors, Q4 and Q5 are used because
PNP transistors provide the appropriate direction of collector current. However, PNP
current mirrors is inferior to NPN sources thus another NPN darlington transistor, Q3
was added.
22
4.1.1 Power Dissipation in Ql
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Figure 17 Power Dissipation graph Ql, 2N2222
The waveform in Figure 17 shows the power dissipation graph for transistor
Ql using 2N2222. The transistor isused to amplify the current and supply 1.0722mA
to Q2 creating a cascaded amplifier as a current sourcefor the circuit. The base-
collector voltage is 7.2250V, collector-emitter voltage is 7.9053 and the emitter base
voltage is -680.247mV.
4.1.2 Power Dissipation in Q2
1.8-!- ; ^ ; ~
• :. : ." : - ; ; ;
' JQ.O0O,-lis..99Bu) ••' •: ':''"!' ; '•;"•" !
. ! !/:.:•- i "• : "•:' •. ":'• •• i '• ; . "':'-.; : • • ; ;••. • ; • •
. 'jOQ^SJ.-^&Sin^--r-"" •—-:--•—-r—-r;— •—---[•.-" •-r.-Vi---"-": -:V-r;--4 4~" •-•—'• r-"- 4:-'„.;....„
HO-.fc0O--f7GlJ.iea4m
••••': • : - • I. • - - ! • ! . • !








Figure 18 PowerDissipation graph Q2, 2N2222
The waveform in Figure 18 shows the power dissipation graph for transistor
Q2 using 2N2222. The transistor is used to amplify the current and supply 3.968mA
to active load stage. The base-collector voltage is -794.990mV, collector-emitter
voltage is -18.998mV and the emitter base voltage is -701.034mV.




Figure 19 Active load on current amplifier circuit
The connection of the darlington transistor is shown in Figure 19. TIP120 is
an NPN transistor and TIP is a PNP transistor that could drive high current value up
to 5A. TIP127 isused to drive current tothe circuit and TIP120 isused to supply the
current to the peltier. these type oftransistors are suitable for power linear application
in addition to its good switching characteristic. The switching is applied to this circuit
as the circuitwill be turned ON and OFFto suit the temperature.
From the circuit simulation, the power from the circuit is measured. This
measurement is done to show that these transistors are suitable to be used in the
circuit. From the graph in Figure 20, the power measured is 41.5Watt. The thermal
resistor for TIP120 and TIP127 in the ambient temperature is 62.5°C/W which is the
heatsink rating for the transistor.
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The thermal power to be dissipated, P=IC x VCE = 41.5Watt, the maximum
operating temperature(Tmax) for the transistor referred to the datasheet is 150°C. The
maximum ambient temperature for surrounding air is Tair which is equals to 25° If
the heatsink is going to be inside a case, the maximum thermal resistance, Rth must
be calculated because Tair might rise due to operation.
Rth = (Tmax - Tair) (J)
Using equation (7), the maximum thermal resistance is 3.012 °C/W. A
heatsink with a lower thermal resistance is chosen to allow a safety margin. A 1°C/W
heatsink dissipating 41.5Watt will have a temperature difference of 1 x 41.5 = 41.5
°C, thus the transistor will rise to 25 + 41.5 = 66.5 °C. This value is lower than the
maximum operating temperature of the transistor.
Bs 1U5 2us 3us
o l(Q<i:c) * (U(Q*f:C) - V(qft:e)>
9u5 IBuS
Figure 20 Waveform for TIP120 and TIP127
4.1.4 Peltier Voltage and Current
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Figure 22 Inputcurrent to peltier device
Figure shows the simulated voltage supplied to the peltier at 10.237V and
Figure 21 shows the current supply at. The peltier is a current drainage device thus
require high power to drive it. However, the output ofpeltier can only be varied by
means ofvarying current thus high current is needed. Therefore the high current of
4.0765A supplied to it is suitable for this purpose as shown in Figure 22. When
compare to the actual voltage supplied to peltier shown in Figure 23, the








Figure 23 Actual input voltage to peltier
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Figure 24 Input voltage tomicrocontroller
Microcontroller PIC16F877 operates when given output 5VDC and the input
graph to the microcontroller is shown in Figure 24. Microcontroller will only be
stable ifgiven the input +5VDC will very small tolerance. From the microcontroller
program code, the output is measured at PIN RBI and the output graph is shown in





Figure 25 Output voltage tomicrocontroller
Temperature sensor LM35 gave output in form of voltage whereby 10 mV
equals to l°Celsius. For example when the temperature is 23°Celsius, the sensor will
give output 230mV or 0.23V. In the system, the output ofthe sensor became the input
for the microcontroller. The microcontroller turn on the current amplifier circuit when
the input is more than 0.1V or 10°Celsius. When the input is higher, microcontroller
will turn off the circuit.
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4«3 Peltier Characteristic
The comparison between actual peltier's characteristic can be seen from
Figure 26 and Figure 27[4]. The graphs shows that the peltier is capable to cool better
when given higher power. The temperature also decreased inverse proportionally to
the power transferred. These values are obtained from experiment done by varying
the voltage and current ofa DC power supply. The values are limited due to the
limitation ofthe DC supply for peltier is a current drainage device. The power is
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Figure 27 Theoretical Power transferred versus temperature across peltier
graph
4.3.1 Temperature ofPeltierDevicewhen attached to the whole system




Figure 28 Peltier's surface temperature versus time graph for the cold side
The circuit built has been connected to the peltier device and tested. With the
amount of current applied to the circuitry, the peltier has been capable to cool to as
low as 2°Celsius. The input is taken from theoutput of temperature sensor LM35 that
gives output lOmV for 1"Celsius. From the graph in Figure 28, lOOmV is equal to
l0°Celsius, thus the initial temperature was 22°Celsius and the surface of the
temperature dropped to 2°Celsius within 60 seconds. The temperature remained at
2°Celsius for as longas the power supplied wasmaintained.
Ontheother hand, thetemperature onthehotside was measured. The hot side
increased rapidly from initial temperature 36°Celsius to 68°Celsius in 48 seconds as
shown in Figure 21. This proves that the hot side will get hotter alongside with the
cold side that cools off and also an indication of the amount of heat that must be
removed in order to cool the cold side.
Figure 29 Peltier's surface temperature versus time graph for the hot side
29
4.4 Heat Transfer Calculation
4.4.1 Calculation ofCoolingRate of ThePettier
In this calculation, the heat through the walls is assumed negligible during
operation. Taking the peltier's surface temperature, Tw is 10°C and the ambient
temperature, Ts is 30°C.
The item to be cool is assumed to be air in the container. The volume of the
container, v is 0.4 / or 0.399947 x 10 '3 m3 with density, pequals tol.2 kg / m\ the
specific heat for air, Cp a* is 1.005 k J / kg . ° C. From the value of density and
volume, the mass of the air inside the container given by m = pv is 4.799364 x 10
kg.
The cooling rate of the system is equal to the rate of decrease of
energy ofthe air. Using equation 2, heat toberemoved from the system is 0.012058
kJ.
4.4.2 Calculation ofHeatTransfer ofthePeltier Device
To calculate the heat transfer of the peltier, the properties of peltier device
(refer to Appendix B) and the temperature must be known. Taking the surface area of
the peltier, Ais equals to 0.9 x 10"3 m2, the peltier's surface temperature, Tw equals to
10°C andambient temperature, T*, is 30°C, theheatproduced is 0.63 W.
Asystem must not only function, but also efficient. Therefore, it is important
to know how long the system takes to change the temperature of an object. The
duration can be known from the equation (4), 0.8 hour or 48 minutes providing that
the system is a closed loop system.
4.5 Design
Previously, the container was to be build from scratch using good insulation
material. However, it proves that using an existing container that later will be
modified to suit the need of this project is much easier, cheaper and efficient. The
container will be wrapped by external insulation material to maximize the insulation
capacityof the system. Thus, a design is needed for this purpose; containerdesign as
well as external insulation design.
4.5.1 Container Design
The container is actually separated into two pieces; top cover and body. There
will be no modification done on the body; it will be used as it is. The top cover has
been cut through to enable peltier to be placed in the middle of it. Figure 30 is the
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Figure 30 Container Design
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4.5.2 Container's Body
The container body is able to leak heat into the container from the visible
silvered side. Therefore, polystyrene has beenusedas insulator andplacedaround the




Figure 31 DesignofContainer's body
4.5.3 Top Cover
The cover itself is very thin thus does not provide much insulation. Thus,
polystyrene is placed as insulator. In addition, three layers of aluminum foil will be
placed underneath. Air is another form of insulation, thus there are some gap between
the layers of aluminum. Rubber is also placed in between peltier andthe polystyrene
to fill the small gap that could leak external heat into the container. Figure32 shows





Heabink and Coding Fan
PeltierDevice
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Figure 32 Top CoverDesign
The process of installing the aluminum foil is quite a delicate work for thefoil
tendto break easily. This caused the process of creating an air gap between layers to
be very challenging. Another thicker type of aluminum maybe more suitable to be
placed as it hasshape thatcanstand by itself.
Mounting the foil onto the top cover is a difficult task due to surface
difference; plastic and aluminum. Both require different type of glue and while one
glue stick to one surface, it refused to stick to the other. Experimentation with
different types of glue helps to make the task possible. Finally, the peltier sticks
nicely onto the top cover using sealant which could be adjusted easily and also easy
to use.
Figure 33 Top cover seen from the bottom
4.6 Prototype
Figure 34 Prototype
The final prototype is shown in Figure 34. The final product is 29cm high and 10cm
wide. Thesystem turned OFF when thetemperature sensed bythe temperature sensor
reached lower than 10°C and turned ON when the temperature raised above 10°C.
Currently the container is only capable of cooling to 18°C due to external heat that
leaks into it. Figure 35 is the output graph of minimum temperature that can be
achieved by the prototype that is 180mV output by the temperature sensor equals to
18°C. This probably due to the polystyrene which is not a very good insulator with
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The peltier is a good cooling device that can cool to very low temperatures
when supplied enough power. To use peltier device for cooling purposes, thecooling
system must be able to remove heat faster than theheat produced. The heatsink and
DC Fan used are powerful cooling system that the peltier managed to coolas low as
2°C. However, due to heat leakage, the temperature within the container does not
drop as low as the desired value. It only managed to cool up to 18°C when the
ambient temperature is 23°C .Thus, the system required good insulation to help the
system achieve andmaintain temperature at preset value.
The container is built using existing commercial container, a thermos flask
thatarebeing modified into desired container. It has been insulated with polystyrene
as an added insulation. Overall, the system functions accordingly, but did not achieve
the desired cooling temperature of 10°C.
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Item Max Delta Max Max Max
Part Number Description T Voltage Current Wattage Length Width Thickness
TEC1-01704 Sinqle Stage TEC 68 2.1 4.5 5 15.0 15.0 4.8
TEC1-03104 Single Stage TEC 68 3.8 4.5 10 20.0 20.0 4.8
TEC1-07104 Sinqle Stage TEC 68 8.6 4.5 22 30.0 30.0 4.8
TEC1-12704 Single Stage TEC 68 15.4 4.5 40 40.0 40.0 4.8
TEC1-01705 Sinqle Stage TEC 68 2.1 5.5 7 15.0 15.0 4.0
TEC1-03105 Single Stage TEC 68 3.8 5.5 12 20.0 20.0 4.0
TEC1-07105 Sinqle Stage TEC 68 8.6 5.5 27 30.0 30.0 4.0
TEC1-12705 Sinqle Staqe TEC 68 15.4 5.5 49 40.0 40.0 4.0
TEC1-01706 Sinqle Stage TEC 68 2.1 6.5 8 15.0 15.0 3.9
TEC1-03106 Sinqle Stage TEC 68 3.8 6.5 14 20.0 20.0 3.9
TEC1-07106 Single Stage TEC 68 8.6 6.5 32 30.0 30.0 3.9
TEC1-12706 Sinqle Stage TEC 68 15.4 6.5 58 40.0 40.0 3.9
TEC1-01707 Sinqle Staqe TEC 68 2.1 7.5 9 15.0 15.0 3.9
TEC1-03107 Single Staqe TEC 68 3.8 7.5 16 20.0 20.0 3.9
TEC1-07107 Sinqle Stage TEC 68 8.6 7.5 37 30.0 30.0 3.9
TEC1-12707 Sinqle Staqe TEC 68 15.4 7.5 67 40.0 40.0 3.9
TEC1-01708 Sinqle Staqe TEC 68 2.1 8.5 10 15.0 15.0 3.6
TEC1-03108 Sinqle Staqe TEC 68 3.8 8.5 18 20.0 20.0 3.6
TEC1-07108 Single Stage TEC 68 8.6 8.5 42 30.0 30.0 3.6
TEC1-12708 Sinqle Stage TEC 68 15.4 8.5 76 40.0 40.0 3.6
TES1-12702 Sinqle Staqe TEC 68 15.4 2.0 18 30.0 30.0 4.6
TES1-12703 Sinqle Stage TEC 68 15.4 3.0 27 30.0 30.0 3.8
TES1-12704 Single Stage TEC 68 15.4 4.0 40| 30.0 30.0| 3.4
APPENDIX B
CHEMICAL PROPERTIES OF PELTIER (BISMUTH
TELLURIDE)
Density, p = 7.53 gm / cm3
Thermal Conductivity, k 1.5 watt / m°C
Specific Heat, Cp = 0.13 cal / gm °C






#fuses XT,NOWDT,NOPROTECT, NOPUT, NOBROWNOUT, NOLVP









delay_us(50); // Delay for samplingcap to charge
adcValue = read_adc(); // Get ADC reading
delay_us(50); // Preset delay, repeatevery 10ms
voltage = 5.000 * adcValue / 255.000; //0-256 = 2A8
//voltage calculation for adcValue read given 5V











28/40-Pin 8-Bit CMOS FLASH MicrocontroUers






• High performance RISC CPU
• Only35 singleword instructions to learn
« All single cycle instructions except for program
branches which are two cycle
• Operating speed: DC- 20 MHz clock input
DC - 200 ns instruction cycle
• Upto 8Kx 14wordsof FLASH Program Memory,
Upto 368x 8 bytesof Data Memory (RAM)
Upto 256x 8 bytesof EEPROM DataMemory
• Pinout compatible to the PIC16C73B/74B/76/77
• interruptcapability (up to 14 sources)
• Eight level deep hardware stack
• Direct, indirectand relative addressing modes
• Power-on Reset (POR)
• Power-up Timer (PWRT)and
Oscillator Start-up Timer (OST)
• Watchdog Timer (WDT) with itsown on-chip RC
oscillator for reliable operation
• Programmablecode protection
• Power saving SLEEP mode
• Selectable oscillator options
- Low power, high speed CMOS FLASH/EEPROM
technology
• Fullystatic design
• In-Circuit Serial Programming™ (ICSP) via two
pins
• Single 5V in-Circuit Serial Programming capability
• In-Circuit Debuggingviatwopins
• Processor read/write access to program memory
• Wideoperatingvoltage range: 2.0Vto 5.5V
• HighSink/Source Current. 25 mA.




- 20 uA typical @ 3V, 32 kHz
- < 1 nA typical standby current
























• TimerO: 8-bit timer/counter with 8-bit prescaler
• Timerl: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock
• Timer2:8-bit timer/counter with 8-bit period
register, prescaler and postscaier
• Two Capture, Compare, PWM modules
- Capture is 16-bit, max.resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
• 10-bit multi-channel Analog-to-Digitalconverter
- Synchronous Seriaf Port (SSP) wfth SPT™ (Master
mode) and \zCm (Master/Slave)
• Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection
• Parallel Slave Port (PSP) 8-bits wide, with
external RD,WR and CS controls (40/44-pinonly)

























































































PORTC is a bi-directional I/O port.
RC0/T1OSO/T1CKI 15 16 32 I/O ST RC0 can also be the Timerl oscillator output or a
Timed clock input.
RC1/T10Sf/CCP2 16 18 35 I/O ST RC1 can also be the Timerl oscillator input or
Capture2 input/Compare2 output/PWM2output.
RC2/CCP1 17 19 36 I/O ST RC2 can also be the Capturel input/Comparel
pytpyt/PyVMI output.
RC3/SCK/SCL 18 20 37 I/O ST RC3can also be the synchronous serial clockinput/
output for both SPI and t2C modes.
RC4/SDI/SDA 23 25 42 i/O ST RC4 can also be the SPI Data In (SPI mode) or
data ltO{\2C mode).
RC5/SDO 24 26 43 I/O ST RC5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK 25 27 44 I/O ST RC6 can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7/RX/DT 26 29 1 I/O ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when mterfecifTg to a microprocessor bus.
RDO/PSPO 19 21 38 I/O ST/TTL<3>
RD1/PSP1 20 22 39 I/O ST/TTL*3'
RD2/PSP2 21 23 40 wo STfTTL^'
RD3/PSP3 22 24 41 I/O ST/TTL<3>
RD4/PSP4 27 30 2 I/O ST/TTLl3)
RD5/PSP5 28 31 3 I/O ST/TTL<3>
RD6/PSP6 29 32 4 I/O ST/TTLt3'
RD7/PSP7 30 33 5 I/O ST/TTL(3)
PORTE is a bi-directional I/O port.
RE0/RD/AN5 8 9 25 I/O ST/TTL<3> RE0 can also be read control for the parallel slave
port, or analog input5.
RE1/WR/AN6 9 10 26 I/O ST/TTL(3) RE1 can also be write control for the parallel slave
port, oranatog inputs.
RE2/CS/AN7 10 11 27 I/O ST/TTL13' RE2 can also be select control for the parallel slave
port, or analog inputZ
Vss 12,31 13,34 6,29 p — Ground reference for logic and I/O pins.






These pinsare not internally connected. These pins| should be left unconnected.
Legend: I=input O= output I/O =input/output P =power
— = Not used TTL= TTLinput ST = Schmitt Trigger input
Note 1: This bufferis a SchmittTrigger inputwhen configured as an external interrupt.
2; Thisbuffer is a Schmitt Trigger input whenused inSerialProgramming mode.
3: This buffer isa Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in theParallel
Slave Port mode (forinterfacing to a microprocessorbus).
4: This buffer isa Schmitt Trigger input when configured inRC oscillator mode anda CMOS input otherwise.




This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtainedfrom your local Microchip Sales Represen
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen
tarydocument to this data sheet, and is highly recom
mended reading fora betterunderstanding ofthe device
architecture and operationofthe peripheral modules.
There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the P1C16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.
The following device block diagrams are sorted by pin
number; 28-pin forFigure 1-1 and 40-pinfor Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.







PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes




5.2 Using TimerO with an External
Clock
Mien no prescaler is used, the external clock input is
the sameas the prescaler output. Thesynchronization
of TOCKl with the internal phase clocks is accom
plished by sampling the prescaler output on the Q2 and
Q4 cycles oftheinternal phase clocks. Therefore, itis
necessary for TOCKl to be high for at least 2Tosc (and
a small RC delay of20 ns) and low for at least2Tosc
(and a small RC delay of 20ns). Refer tothe electrical
specification ofthe desired device.
5.3 Prescaler
There isonly oneprescaler available, which ismutually
exclusively shared between theTimeiO module andthe
Watchdog Timer. A prescaler assignment for the




TimerO modulemeans that there is no prescaler for the
Watchdog Timer, and vice-versa. This prescaler isnot
readable or writable (see Figure5-1).
The PSA and PS2.PSG bits (OPTK5N_RE©<3-.0>)
determine theprescaler assignment and prescale ratio.
When assigned to the TimerO module, all instructions
writing to the TMRO register (e.g. clrf i, movwf l,
bsf l, x....etc.) will clear theprescaler. When assigned
to WDT, a clrwdt instruction will clear the prescaler
along with the Watchdog Timer. The prescaler is not
readable or writable.
Note: Writing to TMRO, when the prescaler is
assigned toTimerO, will clear theprescaler
count, but will not change the prescaler
assignment.
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1










TOCS: TMRO Clock Source Select bit
l = Transition on TOCKl pin
0 = interna) instruction cycle deck (CLKOUT)
TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKl pin
0 = Increment on low-to-high transition onTOCKl pin
PSA: Prescaler Assignment bit
i = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the TimerO module
PS2.-PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1 2 1 1
001 1 4 1 2
010 1 8 1 4
Oil 1 16 1 8
100 1 32 1 16
101 1 64 1 32
110 1 128 1 64
111 1 256 1 12*
Legend:
R = Readable bit
- n = Value at POR
W=Writable bit U= Unimplemented bit, read as '0"
'1' = Bit is set '0' = Bit is cleared x = Bit is unknown
Note- To avoid an unintended device RESET, the instruction sequence shown in the PlCrrocro™ Mid-Range MCU
Family Reference Manual (DS33023) must be executed when changing the prescaler assignment from
TimerO to the WgrjTjjs^e^ncejnust befojjowed even if the WDT is disabled.
DS30292C-page 48




Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, theADRESH-.ADRESL
registers will continue tocontain the value ofthe last
completed conversion (or the last value written tothe
ADRESH:ADRESL registers). After theA/D conversion
is aborted, a ZTad wait is required before the next
FIGURE 11-3: A/D CONVERSION Tad CYCLES
acquisition isstarted. After this 2Tad wait, acquisition
on the selected channel is automatically started. The
GO/DONE bitcan then be set to start the conversion.
inFigure 11-3, after theGO bit isset,thefirst time seg
menthas a minimum ofTcyand a maximum ofTad.
Mole: The GO/DONE bit should NOT be set in
the same instructionthat turns on the A/D.
TCY to TAD, TAD1 ,TAD2 ,TAD3 ,Tad4 ,TADS ,TAD6 ,TAD? tTAD6 ,TAQ9 ,TAP10 TAD11
4| 4 b9 b8 b7 bS b5 b4 b3 b2 M bO
Conversion starts
Holding capacitor is disconnected from analog input (typically 100 ns)
Set GO bit
11.4.1 A/D RESULT REGISTERS
The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
oftheA/D conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility toleft orright justify
the 10-bit result in the 16-bit result register. The A/D
FIGURE 11-4: A/D RESULT JUSTIFICATION
ADRES is loaded
GO bit is cleared
ADIFbitisset
Holding capacitor isconnected to analog input
Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result justi
fication. The extra bitsare loaded with '0's'. When an
A/D result will not overwrite these locations (A/D dis
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Standard Operating Conditions (unlessotherwisestated)
Operating temperature -40°C <Ta < +85°C for industrial




Standard Operating Conditions (unless otherwisestated)
Operating temperature -40°C sTas+85°Cfor industrial





Min Typt Max Units Conditions
Vdd Supplv Voltaae












LP, XT, RC osc configuration
HS osc configuration
BOR enabled, Fmax = 14MHz*7*




D003 Vpor Vdd Start Voltage to
ensure internal Power-on
Reset signal
Vss V See section on Power-on Reset for
details
D004 SVDO Vdd Rfse Rate to ensure
internal Power-on Reset
signal
0.05 V/ms See section on Power-on Reset for
details
D005 Vbor Brown-out Reset
Voltage
3.7 4.0 4.35 V BODEN bit in configuration word
enabled
Legend: Rows with standard voltage device data only are shaded for improved readability.
t Data in Typ" column is at5V, 25°C, unless otherwise stated. These parameters are for design guidance
only, and are not tested.
Note 1: This is the limit to which Vdd can be lowered without losing RAM data.
2: The supply current is mainly afunction of the operating voltage and frequency, aherfactors such asI/O pin
loading, switching rate, oscillator type, internal code execution pattern and temperature also have an impact
on the current consumption.
The test conditions forall Idd measurementsinactive operation modeare:
OSC1 =external square wave, from rail torail; all I/O pins tri-stated, pulled toVdd;
MCLR = Vdd; WDTenabled/disabled as specified.
3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to Vdd and Vss.
4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti
mated bytheformula Ir = Vdd/2Rext (mA) with Rext inkOhm.
5: Timerl oscillator (when enabled) adds approximately 20 pA tothe specification. This value isfrom charac
terization and is for design guidance only. This is nottested.
6: The Acurrent isthe additional current consumed when this peripheral isenabled. This current should be
added to the base Idd or (pd measurement.
7: When BOR isenabled, thedevice will operate correctly until theVbor voltage trip point is reached.
DS30292C-page 152 © 2001 Microchip Technology Inc.
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4.0 DATA EEPROM AND FLASH
PROGRAM MEMORY
The Data EEPROM and FLASH Program Memory are
readable and writable during normal operationover the
entire Vdd range. Theseoperations takeplaceona sin
gle byte for Data EEPROM memory and a single word
for Program memory. A write operation causes an
erase-then-write operation to take placeon the speci
fied byte or word. A bulk erase operation may not be
issued from user code (which includes removing code
protection).
Access toprogram memory allows forchecksum calcu
lation. The values written to program memory do not
need to be valid instructions. Therefore, up to 14-brt
numbers can be stored in memory for use as calibra
tion parameters, serial numbers, packed 7-bit ASCII,
etc. Executing a program memory location containing
data that form an invalid instruction, results in the exe
cution of a nop instruction.
The EEPROM Data memory is rated for high erase/
write cycles (specification D120). TheFLASH program
memory is rated much lower (specification D130),
because EEPROM data memory can be used to store
frequently updated values. An on-chip timer controls
the writetime and itwill vary withvoltage and tempera
ture, as well as from chip to chip. Please refer to the
specifications for exact limits (specifications D122 and
D133).
Abyte orword write automatically erases the location
and writes the new value (erase before write). Writing
to EEPROM data memory does not impact the opera
tion of the device. Writing to program memory will
cease the execution of instructions until the write is
complete. The program memory cannot be accessed
during thewrite. During thewrite operation, theoscilla
tor continues to run, the peripherals continue to func
tion and interrupt events will be detected and
essentially "queued" until the write is complete. When
the write completes, the next instruction inthe pipeline
is executed and the branch to the interrupt vector will
take place, if the interrupt isenabled andoccurred dur
ing the write.
Read and write access to both memories take place
indirectly through a set of Special Function Registers
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The EEPROM data memory allows byte read and write
operations without interfering with the normal operation
of the microcontroller. When interfacing to EEPROM
data memory, the EEADR register holds the address to
be accessed. Depending on the operation, the EEDATA
register holds thedata to bewritten, orthedata read, at
the address in EEADR. The PIC16F873/874 devices
have 128bytes of EEPROM data memory and there
fore, require thatthe MSb ofEEADR remain clear. The
EEPROM data memory on these devices do not wrap
around to 0, i.e., 0x80 in the EEADR does not map to
0x00. The PIC16F876/877 devices have 256 bytes of
EEPROM data memory and therefore, uses all 8-bits of
the EEADR.
The FLASH program memory aUows non-intrusive
read access, but writeoperations cause the device to
stop executing instructions, until the write completes.
When interfacing to the program memory, the
EEADRH:EEADR registers form a two-byte word,
which holds the 13-bit address of the memory location
being accessed. The register combination of
EEDATH:EEDATA holds the 14-bit data for writes, or
reflectsthe valueof programmemoryaftera read oper
ation. Just as in EEPROM data memory accesses, the
value of the EEADRH:EEADR registers must be within
the valid rangeof program memory, dependingon the
device: OOOOh to 1FFFh for the PIC16F873/874, or
OOOOh to 3FFFh for the PIC16F876/877. Addresses
outside ofthisrangedo notwrap around to OOOOh (i.e.,
4000hdoes notmap to OOOOh on the PIC16F877).
4.1 EECON1 and EECON2 Registers
The EECON1 registeris the control register forconfig
uring andinitiating theaccess. The EECON2 register is
not a physically implemented register, but is used
exclusively in the memory write sequence to prevent
inadvertent writes.
There are many bits usedto control the read andwrite
operations to EEPROM data and FLASH program
memory. TheEEPGD bit determines if the access will
bea program ordatamemory access.When clear, any
subsequent operations will work onthe EEPROM data
memory. When set, all subsequent operations will
operate in me program memory.
Read operations only useoneadditional bit, RD, which
initiates the read operation from the desired memory
location. Once this bit is set, the value of the desired
memory location will be available inthe data registers.
This bit cannot be cleared by firmware. It is automati
cally cleared at the end of the read operation. For
EEPROM data memory reads, the data wilt be avail
able inthe EEDATA register inthe very next instruction
cycle after the RD bit is set. For program memory
reads, the data will be loaded into the
EEDATH:EEDATA registers, following the second




11.1 A/D Acquisition Requirements
:or the A/D converter to meet its specified accuracy,
he charge holding capacitor(Chold) mustbe allowed
:ofully charge to the input channel voltage level. The
analog input model isshowninFigure 11-2. Thesource
mpedance (Rs)andthe internal sampling switch (Rss)
mpedance directly affect the time required to charge
he capacitor Chold. The sampling switch (Rss)
mpedance varies overthe device voltage (Vdd), see
=igure 11-2. The maximum recommended imped
ance for analog sources is 10 k&.Asthe impedance
is decreased, the acquisition time may be decreased.
EQUATION 11-1: ACQUISITION TIME
TACQ = Amplifier Settling Time +
HoldCapacitorChainingTime+
TemperatureCoefficient
- Tamp + Tc + Tcoff
= 2us + Tc + [(Temperature -25°C)(0.05us/°C)]
Tc = Chold (Ric + Rss + Rs) In(l/2047)
= -120pF(lkii + 7ka+I0kn)In(0.0004885)
= 16.47ps
TACQ = 2ps+ 16.47ns + [(50°C -25°C)(0.05us/°C)
= 19.72us
After the analog input channel is selected (changed),
this acquisition must be done before the conversion
can be started.
To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSberror is used (1024 steps forthe A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.
To calculate the minimum acquisition time, Tacq, see
the PICmicro™ Mid-Range Reference Manual
(DS33G23).
Note 1: The reference voltage (Vref) hasnoeffect ontheequation, since itcancels itself out.
2: The charge holding capacitor (Chold) isnot discharged after each conversion.
3: The maximum recommended impedance for analog sources is10kaThis isrequired tomeet thepin leak
age specification.
4: After a conversion hascompleted, a 2.0TAD delay must complete before acquisition canbegin again.
During this time, the holding capacitor isnot connected tothesetected A/D input channel.





Rics 1k • SS Rss-
Legend Cpin = input capacitance
Vt = threshold voltage
t leakage = leakage current at the pin due to
various junctions
Ric = interconnect resistance
SS = sampling switch




















Precision Centigrade Temperature Sensors
General Description
The LM35series are precision integrated-circuit temperature
sensors, whose output voltage is linearlyproportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
° Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi
grade scaling. The LM35 does not require any external
calibrationor trimmingto provide typicalaccuracies of ±Vk'C
at room temperature and ±¥*C over a full -55 to +150'C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitryespecially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pAfrom its supply, it has
very lowself-heating,less than 0.1*C in still air.The LM35 is
rated to operate over a -55' to +150"C temperature range,
while the LM35C is rated for a -40' to +110°C range (-10°









FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150'C)
aged in hermetic TO-46 transistor packages, while the
LM35C, LIW35CA, and LM35D are also availabte in the
plastic TO-92 transistor package. The LM35D is also avail
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.
Features
• Calibrated directly in ° Celsius (Centigrade)
• Linear + 10.0 mVfC scale factor
• 0.5*C accuracy guaranteeable (at +25'C)
• Rated for full -55* to +150*C range
• Suitable for remote applications
• Low cost due to water-level trimming
• Operates from 4 to 30 volts
• Less than 60 uA current drain
• Low self-heating, 0.08'C in still air
• Nonlinearity only ±%°C typical




Choose Ri = -Vs/50 mA
V out=+1.500 mV at +150'C
= +250 mV at +25"C
= -550 mV at -55"C


































'Case is connected to negative pin (GND)
Order Number LM35H, LM35AH, LM35CH, LM3SCAH or
LM35DH







See NS Package Number Z03A
www.national.com
SO-8
Small Outline Molded Package
v. J
%IT~ 1 a -♦^s
N.C.- 2 7 -N.C.
N.C.- 3 6 -K.C.
aw?- 4 5 -N.C.
DS005518-21
N.C. = No Connection
Top View
Order Number LM35DM










nab is connected to 8» negative pin (GND).
ttoto: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TA03F
tsolute Maximum Ratings (Note 10)
lilitary/Aerospace specified devices are required,
ise contact the National Semiconductor Safes Office/
ributors for availability and specifications.




0-46 Package, -60*C to +180'C
D-92 Package, -60"C to +150°C
0-8 Package, -65'C to +150"C
O-220 Package, -65'C to +150'C
d Temp.:
0-46 Package,(Soldering, 10 seconds) 300'C
metrical Characteristics
as 1,6)
TO-92 and TO-220 Package,
(Soldering, 10 seconds) 260°C
SO Package (Note 12)
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220"C
ESD Susceptibility (Note 11) 2500V
SpecifiedOperatingTemperature Range: TM,N to T m^
(Note 2)
LM35, LM35A -55*C to +150"C














acy TA-+25'C ±0.2 ±0.5 ±0.2 ±0.5 °C
7) TA=-10"C ±0.3 ±0.3 ±1.0 *C
Ta~Tmax ±0.4 ±1.0 ±0.4 ±1.0 °c
T a=TMin ±0.4 ±1.0 ±0.4 ±1.5 °c





































cent Current V S=+5V, +25°C 56 67 56 67 MA
9) VS=+5V 105 131 91 114 MA
V S=+30V, +25'C 56.2 68 56.2 68 MA
V S=+30V 105.5 133 91.5 116 UA
geof 4V<VS<30V, +25'C 0.2 1.0 0.2 1.0 MA
icent Current 4VsVs<30V 0.5 2.0 0.5 2.0 MA
3)
erature +0.39 +0.5 +0.39 +0.5 uA/°C
ioient of
icent Current
mm Temperature In circuit of +1.5 +2.0 +1.5 +2.0 X



































































T min^Ta^Tmax ±0.3 ±0.5 ±0.2 ±0.5 *c
Sensor Gain
(Average Slope)


















































































+1.5 +2.0 +1.5 +2.0 •c
Long Term Stabirtfy Tj-TMAX, for
1000 hours
±0.06 ±0.08 •c
Note 1: Unless otherwise noted, thesespecifications apply: -55*CsTjS+150*C for the LM35 and LM35A; -40a<TjS+110'C for the LM35C and LM35CA; and
O'^ TjS+100'C for the LM35D. Vs=+5Vdc and Iload=50 |iA, in the circuit ofFigure 2. These specifications also apply from +2'C toTmax '" the circuit ofFigure 1.
Specifications in boldface apply over the full rated temperature range.
Note2: Thermal resistance of the TO-46 package is 400"C/W, junction to ambient, and 24"C/W junction to case. Thermal resistance of the TO-92 package is
180'C/W junction toambient Thermal resistance ofthe small outline molded package is220'C/W junction toambient. Thermal resistance ofthe TO-220 package
is 90'C/W junction to ambientForadditional thermal resistance information see tableIntheApplications section.
Note 3: Regulation is measured at constant function temperature, usfng pufse testing with a low duty cycfe. Changes inoutput due to heating effects can be
computed by muftiptying the internal dissipation by the thermal resistance.
Note 4: Tested Limits are guaranteed and 100% tested in production.
Note 5: Design Limits areguaranteed (but not 100% production tested) over theindicated temperature andsupply voltage ranges. These limits are not used to
calculate outgoing quality levels.
Note 6: Specifications in boldface apply over the full rated temperature range.
Note 7: Accuracy isdefined as theerror between theoutput voltage and1OrrrWC times thedevice's case temperature, at specified conditions ofvoltage, current,
and temperature (expressed in *C).
Note8; Ncnlirteartty isaaSned as fo tteviation cf theoutywt-^^ over thedewce's rated temperature
range.
Note 9: Quiescent current b defined in the circuit of Figure 1.
Note 10: Absolute Maximum Ratings indicate limits beyond which damage tothedevice may occur. DC andAC electrical specifications donotapply when operating
the device beyond its rated operatingconditions. See Note 1.
Note 11: Humanbody modelj100 pF discharged througha 1.5 kQ resistor.
Note 12: See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability' or the section fitted "Surface Mount" found in a current National
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(In Circuit of Figure 1.)
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Typical Performance Characteristics (Continued)
Noise voltage
S




The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01 "C of the surface temperature.
Thispresumes that the ambientair temperature is almost the
same as the surface temperature; ifthe air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme
diatetemperature between the surfacetemperature and the
air temperature. This is expecially trueforthe TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat intothe device, so its temperaturemight
be closer to the air temperature than to the surface tempera
ture.
To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, rs held at the same tempera
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera
ture as the surface, and that the LM35 die's temperature win
not be affected by the air temperature.
Start-Up Response
W—T7^
0 10 20 30 40 50 E0
TIME (microseconds)
D5M5516-35
The TO-46 metal package can also be soldered to a metal
surface or pipe withoutdamage. Of course, in lhat case fte
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted insidea sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hote in a tank. As with any IC, the LM35 and
accompanying wiring and circuits mustbe keptinsulatedand
dry, to avoid leakage and corrosion. This is especially true if
the circuit mayoperate at coldtemperatureswhere conden
sation can occur. Printed-circuit coatingsand varnishessuch
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec
tions.
These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, togivethesteadiest readingdespitesmartdeviations
in the air temperature.
Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,6JA)
TO-46, TO-46*, TO-92, TO-92", SO-8 SO-8** TO-220
no heat small heat fin no heat small heat fin no heat small heat fin no heat
sink sink sink sink
StiRair 400'C/W 100'C/W 180-C/W 140*C/W 220'C/W 110'C/W 90'C/W
Moving air 100'C/W 40'C/W 90-C/W 70-C/W 105-C/W 90'C/W 26"C/W
Still Oil 100'C/W 40"C/W 90X/W 70-CAV
Stirred oil 50/C/W 30"C/W 45*C/W 40T/W
(Clampedto nwlal,
Infinite heat sink) (24'OW) (55'C/W)
"Wakefield type201, or 1"discof0.020" sheet brass,soldered to case, or similar.




rem smmm urn, wmms, etc.
¥• TO* KWHMfEDANCE LOM
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FIGURE 4. LM3S with R-C Damper
>ACmVE LOADS
most micropowercircuits, the LM35 has a limited ability
riveheavy capacitive toads. The LM35by iteerfis able to
e 50 pf without special precautions. If heavier loads are
cipated, it is easy to isolate or decouple the load with a
ston see Figure 3. Or you can improvethe tolerance of
acitance with a series R-C damper from output to
ind; see Figure 4.
sn the LM35 is applied with a 200Q load resistor as
wn in Figure 5, Figure 6or Figure 8 it is relatively immune
firing capacitance because the capacitance forms a by-
s from ground to input, not on the output. However, as
: any linear circuitconnected to wires in a hostile envi-
nent, its performance can be affected adversely by in-
;e electromagnetic sources such as relays, radio trans-
srs, motors with arcing brushes, SCR transients, etc, as
wiring can act as a receiving antenna and its internal
:tions can act as rectifiers. For best results in such cases,
ypass capacitor from V,N to ground and a series R-C
iper such as 750 inseries with 0.2 or 1 pF fromoutput to
jnd are often useful. These are shown in Figure 13,












FROM +2"C TO +40"C
FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
DS00551&7










Vta =10 H*/BC f&JlBIBlT+tO°C)
FROM-5°Ct»+40°C
FIGURE 8. Two-Wire Remote Temperature Sensor












Medium Power Linear Switching Applications
• Complementary to T1P125/126/127
TO-220
l.Base 2.Collector 3.Emitter
NPN Epitaxial Darlington Transistor
Absolute Maximum Ratings TC=25°C unless otherwise noted
Symboi Parameter Vaiuo Units


















Vebo Emitter-Base Voltage 5 V
'c Collector Current (DC) 5 A
•cp Collector Current (Pulse) 8 A
Ib Base Current (DC) 120 mA
Pc Collector Dissipation fTa=25°C> 2 W
Collector Dissipation (TC=25°C) 65 W
Tj Junction Temperature 150 °C




Electrical Characteristics tc=25°c unless otherwise noted
Symbol Parameter Test Condition Min. Max. Units
VCE0(sus) Collector-Emitter Sustaining Voltage
: TIP120 !c= 100mA, lB = 0 60 V
: TIP121 80 V
:TIP122 100 V
CoflectorCut-off Current
:T1P120 VCE=30V,lB=0 0.5 mA
: TIP121 VCE=40V,IB=0 0.5 mA
:TIP122 VCE = 50V, lB=0 0.5 mA
Collector Cut-off Current
: TIP120 VCB=60V,IE= 0 0.2 mA
:TIP121 VCB = 80V, lE= 0 0.2 mA
:TIP122 VC8=100V,lE=0 0.2 mA
'ebo Emitter Cut-off Current VBE = 5V,IC = 0 2
mA





VCE(sat) * Collector-Emitter Saturation Voltage lc=3A,lB=12mA 2.0 V
lc = 5A, lB = 20mA 4.0 V
VBE(on) * Base-Emitter ON Voltage VCE = 3V,IC= 3A 2.5 V
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Figure 5. Power Derating




























































Medium Power Linear Switching Applications
• Complementary to TIP120/121/122
TO-220
I.Base 2.CoHector 3.Emitter
PNP Epitaxial Darlington Transistor
Absolute Maximum Ratings TC=25°C unless otherwise noted
Symbol Parameter Value Units



















vEB0 Emitter-Base Voltage -5 V
tc Collector Current (DC) -5 A
•cp Collector Current (Pulse) -8 A
Ib Base Current (DC) -120 mA
Pc Collector Dissipation (Ta=25°C) 2 W
Collector Dissipation (TC=25°C) 65 W
Tj Junction Temperature 150 °C
TSTG Storage Temperature -65-150 °C








Symbol Parameter Test Condition Mln. Max. Units



























VCB = -60V, lE= 0








•ebo Emitter Cut-off Current VBE = -5V,IC= 0 -2 mA










VBE(on) * Base-Emitter ON Voltage VCE = -3V,IC=-3A -2.5 V
C0b Output Capacitance VCB = -10V,iE = 0,f=0.1MHz 300 pF










































Figure 5. Power Derating
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NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings Ta=25°C unless otherwise noted
i TO-92
1. Emitter 2. Base 3. Collector
Symbol Parameter Value Units
VCBo Collector-Base Voltage 60 V
VcEO Collector-Emitter Voltage 30 V
Vebo Emitter-Base Voltage 5 V
fc Collector Current 600 mA
Pc Collector Power Dissipation 625 mW
Tj Junction Temperature 150 °C
TsTG Storage Temperature -55-150 DC
Electrical Characteristics t3=25qc unless otherwise noted
Symbol Parameter Test Condition Min. Max. Units
BVqbo Collector-Base Breakdown Voltage !c=10nA lE=0 60 V
BVcEO Collector Emitter Breakdown Voltage lc=10mA, lB=0 30 V
BVebo Emitter-Base Breakdown Voltage lE=10LtA, lc=0 5 V
'CBO Collector Cut-off Curcent VCB=50V, lE=0 0.01 UA
'ebo Emitter Cut-off Current VEB=3V, lc=0 10 nA




VCE(sat) " Collector-Emitter Saturation Voltage lc-500mA, !B=50mA 1 V
VBE{sat) * Base-Emitter Saturation Voltage lc=500mA, !B=50mA 2 V
fT Current Gain Bandwidth Product VCE=20V, lc=20mA,f=100MHz 300 MHz
Cob Output Capacitance VCB=-10V,lE=QIf='MHz & PF
• Pulse Test Pulse Widm<300ns, Duty Cyd«2%
ro
io
























3-Terminal 1A Positive Voltage Regulator
Features
• Output Current up to 1A
• Output Voltages of 5,6,8,9, 10,12,15, 18,24V
• Thermal Overload Protection
» Short Circuit Protection
• Output Transistor Safe Operating AreaProtection
Internal Block Digram
Description
The KA78XX/KA78XXA series of three-terminal positive
regulator are available in theTO-2207D-PAK package and
withseveralfixedoutputvoltages, makingthem useful in a
widerangeof applications. Each typeemploys internal
current limiting, thermal shut down and safe operating area
protection, making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices canbeusedwithexternal




























Parameter Symbol Value Unit








Thermal Resistance Junction-Cases (TO-220) ReJC 5 °c/w
Thermal Resistance Junction-Air (TO-220) ReJA 65 °c/w
Operating Temperature Range (KA78XX/A/R) Topr 0 - +125 "c
Storage Temperature Range TSTG -65 - +150 °c
Electrical Characteristics (KA7805/KA7805R)






Tj=+25°C 4.8 5.0 5.2
V5.0mA < lo < 1.0A, Po £ 15W
Vi = 7V to 20V 4.75 5.0 5.25
Line Regulation (Notel) Regline Tj=+25°C
Vo = 7Vto25V - 4.0 100
mV
V| = 8Vto12V - 1.6 50
Load Regulation (Notel) Regload Tj=+25 °C
IO = 5.0mA to1.5A - 9 100
mV
lO =250mA to 750mA - 4 50
Quiescent Current IQ Tj=+25°C - 5.0 8.0 mA
Quiescent Current Change AlQ
lO - 5mA to 1.0A - 0.03 0.5
mA
V|=7Vto25V - 0.3 1.3
Output Voltage Drift AVo/AT IO=5mA - -0.8 - mV/°C
Output Noise Voltage vm f = 10Hz to 10OKHz,TA=+25°C - 42 - uV/Vo
Ripple Rejection RR f= 120HzVo = 8Vto18V 62 73 - dB
Dropout Voltage VDrop »0=1A,Tj=+25°C - 2 - V
Output Resistance ro f = 1KHz - 15 - m£2
Short Circuit Current ISC Vi = 35V,TA=+25°C - 230 - mA
Peak Current lPK Tj =+25°C 2.2 - A
Note:
1. Load and lineregulation are specified at constantjunction temperature. Changesin V0 due to heating effectsmustbe taken




[Refer tothe testcircuits, 0°C <Tj. <+125 °C, lo -tA, Vi=10Vf Cp0^3uF, Co=0,1uF, unless otherwise speci
fied)
Parameter Symbol Conditions Min. Typ. Max. Unit
vo
Tj=+25°C 4.9 5 5.1
VOutput Voltage IO = 5mAto1A,Po^15W
V[ = 7.5V to 20V 4.8 5
5.2
Regline




mVLine Regulation (Notel) Vi = 8Vto 12V - 3 50
Tj=+25°C V|= 7.3V to 20V -
5 50
V|=8Vto12V - 1.5 25
Load Regulation (Notel) Regload
Tj*+25°C




IO = 5mAto1A - 9 100
10 = 250mA to 750mA - 4 50




lO = 5mA to 1A - - 0.5
mAV| = 8 V to 25V, lo - 500mA - _ 0.8
V| = 7.5V to 20V, Tj =+25 °C - - 0.8
Output Voltage Drift AV/AT lo = 5mA - -0.8 - mV/°C





Ripple Rejection RR f= 120Hz, (0 = 500mAV| = 8Vto18V - 68 - dB
Dropout Voltage VDrop IO=1A,Tj=+25°C - 2 - V
Output Resistance ro f=1KHz - 17 - mii
Short Circuit Current ISC V|=35V,Ta=+25°C - 250 - mA
Peak Current IPK Tj= +25 °C - 2.2 - A
Note:
1.Load and line regulation arespecified at constant junction temperature. Change in Vo due to heating effects must betaken

















































Heat Sink Dimension 80x77x45 mm & Cu. Base
Heat Sink Material JAluminum Extrusion fin with copper base
Fan Dimension || 80x80x32 mm
Fan Speed 12,000 rpm
Fan Airflow 132.5 CFM
Fan Air Pressure |l.84mm.H20
Fan Life Expectance [40,000 hrs
[Bearing Type |Riffle Bearing
[Voltage Rating |7~13.2V
jNoise Level |20dBA 1
Connector [3 Pin |
Weight f420g |
Thermal Resistance |Rja 0.53573 C/W
Application |AMD XP Athlon 3400+ and higher
69
